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1.INTRODUCTION 
   1.1 The main idea 
Nowadays the engineers are improving their knowledge in composite structures.  In this final project, 
we will make the study of a deposit of high pressure made it by composite.  This kind of composition 
for manufacturing the deposits are unusual actually, but there is a lot of improvement in this topic.  
At the first time, we make an study of the common deposits for different flammable liquids like LGP 
( Liquefied Gas Petroleum ) o LGN (Liquefied Gas Natural ).We realize that the most common 
materials for manufacturing this kind of deposits are the steel, alloyed with carbon or another 
materials, stainless steel, Copper and  alloyed aluminum. So, the first step is to build a deposit that 
must pass the legal specifications of security and respect of the ambient medium. This is one of the 
most important points of the design, because we are building a deposit without a common material, 
so we have to take care about that every part of the design are secure and optimal. 
The idea of design the deposit with composite, is for improve the designs with this kind of material, 
that are usually more light and resistant with the high stresses. 
There is different kinds of deposit, but we are going to focus in one this types:  
“ Horizontal deposit with cylinder shape and with hemispherical caps”  
There is different ways to use this deposits: 
- To save high quantities of LGP/LGN in a light deposit for an emplacement without the cost of use 
high space for saving the liquid and the cost of maintenance, that in big deposits are always so much 
more higher. 
- To save water in high pressure when we have to impulse the water to a higher place. In this case is 
common to save the water in the same pressure of the bombs that impulse the water, resolving with 
this the “ Watter Hammer “ and making easier the work of impulse the water. 
One example of the idea is the deposit of Pic 1. Don’t forget that our deposit will be made by 
composite.  
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1.1 Pic1: Example of the idea of the design of the deposit 
    1.2 Study of Objetives 
The main objectives of the design, following the norm for the deposit of high pressure, are this: 
- Liquid to save: LGP (Liquefied gas petroleum ) or Water 
- Service pressure: 21 bar  
- Security design pressure: minimum 30% more than the service pressure 
- Economic design of the deposit, taking in count materials, the cost of this, manufacture method, 
security systems, size of the deposit taking in count the emplacement . 
- Size of the deposit taking in count that we are preparing a deposit of composite, so this can be more 
resistant than the common deposits and more light, we can push the design for build a deposit with 
more extreme conditions, but always respecting the security conditions and the norm of design. 
- Optimal thickness. Minimum quantity of composite laminates. 
- Security systems of the deposit taking in count the norm of the designs.   
- Optimal conditions of design for the variations of the temperature, the pressure, the vibrations , and 
the seismic movements. 
    
1.3 Changes in the main idea 
At the first time, we thought that because we are designing a deposit of composite ( we know that the 
properties of this kind of materials are so much more better than the materials individually ), we can 
prepare a deposit of high size for save a high quantity of liquid  and with high pressure. 
The first idea was this kind of deposit: 
- Longitude: 12 m  
- Radio: 1.5 m 
- Service pressure: 21 bar 
- Design pressure: 30 bar 
- Liquid to save: LGP ( LIQUEFIED GAS PETROLEUM )   
After the first study of this deposit, and talk with the one of the directors of the company  ISOLUX 
CORSAN S.A. Madrid ( Spain )  about his opinion of  the design of the composite deposit  I realize 
that: 
 
6 
 
-The deposit would be bigger than the common necessary conditions for save this kind of liquids.  
- The thickness would be too high, and this broke one of the objectives of the design, to  have less 
thickness and more resistance than with the normal materials of design .  
- That the size of the deposit would be too high for manufacturing it in a economic and optimal way, 
because there isn`t too much companies that manufacture this kind of big deposits in a real economic 
way. 
- that following the norm and the common way of design, it is more economic and optimal to have 2 
o 3 small deposits than a big deposit. 
- The problem that with this dimension of composite it would be more expensive, so not rentable. 
-That this pressure is not useful for saving this kind of liquids, so is better to reduce it a little bit. 
 After that, following the norm of design, I had to reduce the maximum service pressure and the 
dimensions of the deposit, and we finally choose: 
- Length: 5m 
- Radio: 0.5 m 
- Service pressure: 21 bar 
- Security design pressure: 30 bar 
- Security coefficient: 3 
- Thickness: ( After the study ) 2 cm  
- Liquid to store:  LGP ( LIQUIFIED GAS PETROLEUM )   
    1.4 Physic and chemist characteristics of LPG  
Using the reference [7], we know that LPG stands for liquefied petroleum gases propane and butane. 
Fuels are hydrocarbons which are in normal state in the gas phase and are stored in tanks in the 
liquid phase under high pressure. 
The most common are the GLP commercial propane and butane. Both are sold in compliance with 
the current specifications (303 BOE.num 19/12/84 and 09/22/82 num.227 of). The most common 
mixtures ranging from 70/30 and 60/40 in ratio of propane / butane respectively. 
Flammability and combustion: Form flammable mixtures with air, and need a lot of air for 
combustion. The flammable point of the LGP is between 400º and 450º and it is necessary to have up 
to 15% of  air in the mix for produce the combustion. 
Corrosion: The LGP  not corrode steel or copper or its alloys. Synthetic rubbers not dissolve so that 
these materials can be used to build facilities. If you dissolve fats and natural rubber. 
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Toxicity: The LPG is not toxic. 
Odor: lack of color and natural smell. To detect leaks by smell, an odorant is added based quirky 
mercaptans, which feels much before the mixture reaches the lower flammable limit. 
Pollution:   It's a green fuel, its combustion does not pollute the atmosphere, produces no odor or 
residue. The LGP  not dissolve in water or pollute. 
 
Filling ratio: The LGP  in liquid phase dilate by temperature more than the containers containing 
them, so these are not fully filled for absorbing the expansions. 
The maximum filling level regulation is established at 85% by volume considering the mass at 20 °C 
,leaving the remaining 15% to the gas phase. 
 
 The gas pressure inside a container is approximately 8 bar to 2 bar for propane and butane. To a 
maximum working temperature of 60 ° C the respective pressures are 21 bar and 7.5 bar ( Reference 
[7].. 
 
1.4 Pic 1: Distribution of pressure of commercial butane and propane. Reference [7] 
Location: It is forbidden to place deposits in basements, stairwells or busy places. 
There is a standard by which the deposit must be located at a safe distance of other buildings / 
deposits safely. 
All the properties and data about LGP are taking of reference [7]. 
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LPG storage facility components in the 1.4 Pic 2 ( Reference [7] ): 
- Loading mouth (BC) 
- Wiring between the loading mouth and the  output 
- Tank with accessories (D) 
- Regulation equipment (ER) 
- Transfer equipment (ET) 
- Vaporization equipment (EV) 
- Key output (Sa)
 
1.4 Pic 2: Installation diagram of an LPG tank. Reference [7] 
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1.5 Selection of materials 
Here we are going to present the some different kind of fibers and matrix that we can use in the 
design of the deposit ( References [2],[10],[11] ): 
Fibers Study 
Here we present different kind of fibers and example of properties in 1.5 Pic 1 for build our deposit: 
1) Glass fibers A,B,C,D,E,ERC,R,S y X 
2) Carbon fiber 
3) Boron fiber 
 
1.5 pic 1: Examples of the properties of different fibers. Reference [10] 
Comparing the E type fiberglass with steel using 1.5 Pic 1, we can see that the ratio between the 
modulus of elasticity and the density is 27 for both materials, which shows that in relative terms, are 
similar, in spite of not being in absolute terms. Although boron fiber and carbon steel offer superior 
properties, their cost is much higher, so the glass fiber is one of the best options. 
Fiberglass-> isotropic material, currently only silicate glasses (50/60% SiO2) are important, but the 
type of reinforcement used in industrial applications due to high availability, good mechanical 
properties and relatively low cost / benefits. 
In his behavior as fiber has low density, high mechanical strength , high electrical resistance, 
chemical inertia and moisture inertia, and incombustibility. 
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1.5 Pic 2 : Examples of composition of glasses fibers. Reference [11] 
Some properties of these glasses are ( Reference [11] ): 
Glass A: used as reinforcement and has high chemical resistance 
Glass B: excellent electrical properties and high durability. 
Glass E: Good electrical insulation, good mechanical and chemical properties. 
Glass ERC: Good electrical insulation, and good resistance to chemical corrosion. 
Glass C: High resistance to chemical corrosion 
Glass A: High mechanical strength and modulus of elasticity 
Glass D: High dielectric 
 
The fibers were classified according to the BS / ISO ( Reference [11] ). 
 EXAMPLE: 
"EC December 40 2400" continuous E-glass fiber, yarn nomial diameter of 12 microns, with a 
weight of 40 gr thread per 1000 meters and has a total weight of 2400 grams per 1000 meters. 
Humidity decreases the fiber strength so you have to put an insulator, and are susceptible to static 
fatigue (prolonged static load) so you have to keep in mind that at the time of design. 
The most common resins are polyester, epoxy and phenolic. They are quite inexpensive and are 
available in a variety of fiber reinforced resins formas.Las glass are widely used in the construction 
industry. Known as fiber reinforced plastics (GRP) are used as coating or other structural materials 
as part of one wall panel structure. Also used commonly in the chemical storage tanks 
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Matrix Study 
 
1.5 Pic 3: Example of properties of different matrix. Reference [11]. 
After the studio of the different matrices, we chose the epoxy matrix because they have greater 
strength and elastic properties with less shrinkage on cure and a lower coefficient of thermal 
expansion, apart from having a bond strength fiber / resin greater than other types of matrix , this 
together with the fact that the epoxy matrices are cheap and easy to find. 
 
1.5 Pic 4: Comparison of Epoxy resins and Polyester resins. Reference [10] 
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1.6 Final idea 
After the study of the fibers and the matrix, we choose Glass fibers and Epoxy matrix with the 
following characteristics: 
 ρ (kg/m3) E(Gpa)   
          α ν Vol(%) Price  
Glass Fiber 
(Glass R) 
2500 86 3.2 5    
      
0.22 0.7 15€/kg  
Epoxi 
Matrix 
1200 5 0.13 6        0.33 0.3 3€/kg  
    
All the data about properties of fibers and matrix in this paragraph is got it from 
reference [2] following the next picture 1.6 Pic 1: 
 
1.6 Pic 1: Properties of Fibers and Matrix. Reference [2] 
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 1.7 Examples 
     I`m going to present some examples of composite structures:  
1) Glasgow Science Tower ( 1.7 Pic 1 ) 
 
It is a tower of 120 m height whose top rotates freely in the wind. For reasons of weight the upper 
part is made of glass fiber and mast is made by carbon fiber. 
 
2) Milwaukee art ( 1.7 Pic 2 ) 
Art museum of Milwaukee ( 2001) designed by Santiago Calatraba. 
It has mobile wings 32m in length to allow the light to the gallery museum. These wings are 
formed by rudders 72 of 0.6 m in thickness and of varying lengths between 32 and 8m. These 
rudders were projected carbon / epoxy using curl filamentary but were manufactured in 
stainless for economic issues. 
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2.Theorical introduction 
2.1 Introduction to composite laminates 
A composite material is formed from two or more materials having better properties than the 
constituent material individually. For giving an example, we can think in “reinforced concrete”. 
Concrete, by itself, resists well compressive stresses, but not resists traction stresses. However, the 
steel is so good resisting traction stresses, so the combination of both materials give us a perfect 
material for structures that suffer flexion , and therefore , traction stresses. 
 
              2.1 Pìc 1:  Example of reinforce concrete. Reference [1]              
According to the definition given before of composite, practically all the materials that are used in 
engineering can be considered composite. 
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Taking in count the properties of the composite in the reference [2], this are the most important 
properties for engineering:  
- Mechanical resistance 
- Stiffness 
- Resistance to corrosion 
- Wear resistance 
- Lightweight 
- Resistance to fatigue 
- Thermal and acoustic insulation 
- Artwork 
 
Composite can be classified in different categories following the Reference [2]: 
- Composite formed by a matrix with fibers of another material 
- Composite laminates that consist in 2 or more laminates formed of different materials and 
glued each other. 
- Composite formed by a matrix with particles of another material 
In this project, I am going to use the first and second class, a composite formed by laminates that 
have a matrix and backing by large fibers of another material. I choose large fibers, because in spite 
of large fibers are less resistant that the whiskers, with them we can orientate the direction of the 
stress. 
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In the 2.1 Pic 2  we can see the properties of different material which we can build composite. 
 
2.1 Pic 2 : Properties of Fibers and Matrix. Reference [2] 
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2.2 Micromechanical Aspects of Composite 
In this section we study the mechanics behavior of the composites according to their constituents 
following the reference [2], taking in count that the basic unit of this type of material is the 
“Laminate”. A “ laminate “ is a set of sheets. 
The thickness of a sheet is usually between one tenth of millimeter and one millimeter following the 
reference [2], and there are three types of laminates: 
a) Unidirectional laminate  ( Parallels large fibers ) 
b) Bidirectional laminate ( Interlocking fibers ) 
c) Laminate of whiskers 
Now, I am going to define some important parameters for building the deposit using the reference [2] 
:  
 2.2.1 Volumetric percentage of fiber and matrix 
        
             
            
            ( 1 )  
 
        
             
            
          ( 2 )  
 
                               ( 3 ) 
The usual volumetric content of fibers for composite as a function of the processing system are:  
 
2.2.1 Pic 1: Fabrication process in function of percent of fibers. Reference [2]  
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2.2.2 Elastic Properties 
The sheets, and therefore the laminates, presents anisotropic behavior. This means that the way how 
an anisotropic sheet suffers the stress and deform because of this stress depends in the direction that 
we are measuring. 
 
Taking in count this property, that fibers and matrix are considered homogeneous, isotropic and 
linear-elastic behavior, we have the next macromechanic properties: 
 
  2.2.2 Pic 1: Representation of local axes in the laminate. Reference [2] 
- Elastic modulus in the fibers direction    
 
                                                                ( 4 )  
 
- Elastic modulus in fibers orthogonal direction  
               (
 
(         ) 
       
       
        
)                              ( 5 )  
      -    Main poisson coefficient  
                                                                            ( 6 )  
     -    Secondary poisson coefficient 
             
   
  
 
   
  
                                                                              ( 7 )  
   -     Transversal Stiffness modulus  
                      (
 
                
       
       
)                                        ( 8 )  
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   -   Coefficient of thermal expansion in fibers direction 
           
                                               
                               
                               ( 9 ) 
   -   Coefficient of thermal expansion in transversal direction 
                                         
(           )
  
  
 
  
  
                    ( 10 ) 
2.2.3 Traction in the sheet in fibers direction 
If the sheet is suffering a traction stress, we have two options: 
a) The fiber has a lower failure strain than the matrix 
 
                                        
         
  
 
               
   2.2.3 Pic 1: Stress-Deformation Diagram for a composite with less elongation at break   
                         for the fibbers. Reference [2] 
b) The matrix has lower failure strain than the fibers 
 
                                              
         
  
                                
   2.2.3 Pic 1: Stress-Deformation Diagram for a composite with less elongation at break                             
for the fibbers. Reference [2] 
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For our percent of fibers (70%),   all the resistance in traction is exerted by fibers, so we have to 
follow the next equation for knowing the resistance  in traction:  
                   
                   (11) 
 
2.2.4 Traction in orthogonal direction of fibers. Resistance 
Following the reference [2] we have the following resistance in this direction: 
 
                   
      (12) 
2.3 Macromechanic Study of a sheet 
In this paragraph we are going to explain the notation that we will use for the design.  
2.3.1 Stress tensor and Strain tensor 
Stress tensor 
[ ]  [
        
        
        
]  [
         
         
         
]            ( 13 )  
 
        2.3.1 Pic 1: Representation of the stresses in cubic differential of material. Reference [2] 
Strain tensor  
In the same directions than the Stress tensor: 
[ ]  [
        
        
        
]  [
         
         
         
]                ( 14 )  
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2.3.2 Constitutive Equations 
If the material presents and elastic and isotropic behavior, 
 we can apply the Hooke`s Law: 
   
  
 
 
 
 
 (     )                                                   ( 15 ) 
   
  
 
 
 
 
                                                           ( 16 )    
   
  
 
 
 
 
 (     )                                                   ( 17 ) 
    
   
 
                                                                         ( 18 ) 
    
   
 
                                                                          ( 19 ) 
    
   
 
                                                                          ( 20 ) 
 
Or the Lame`s equations : 
                                                                  ( 21 ) 
                                                                  ( 22 ) 
                                                                   ( 23 ) 
    
   
 
                                                                          ( 24 ) 
    
   
 
                                                                           ( 25 ) 
    
   
 
                                                                          ( 26 ) 
 
 
2.3.3 Stiffness matrix of the sheet 
Stiffness matrix of a unidirectional lamina in local axes 
[ ]  [
       
       
     
]  
[
 
 
 
  
         
      
         
 
      
         
  
         
 
     ]
 
 
 
     ( 27 ) 
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[ ]               //   [ ]̅̅ ̅̅              
 
2.3.4 Change axes matrix 
[ ]  [
         
          
              
]                  ( 28 )                                  
[ ]   [
          
         
              
]              ( 29) 
s = sin(θ)    c = cos(θ)  
             
2.3.4 Pic 1: Example of change the axes from global to local axes. Reference [2] 
 
(
  
  
   
)  [ ]  (
  
  
   
)               ( 30 ) 
 (
  
  
 
 
   
)  [ ]  (
  
  
 
 
   
)       ( 31 ) 
 (
  
  
   
)  [ ]  (
  
  
   
)             ( 32 )      
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2.3.5 Classic theory of Laminates. Kirchoff hypothesis 
Kirchoff Hypothesis . ( Reference [2] ) 
1- The perpendicular lines to the median plane, before the laminate deform, continue being 
straight after the laminate has deformed. 
2- The perpendicular lines to the median plane don’t suffer any longitudinal deformation ( 
the thickness of the laminate don’t change ) 
3- The perpendicular lines to the median plane continue being perpendicular after the 
laminate deflect. 
2.3.6 Load vector. Momentum vector. Global equation 
Load vector ( per unit of width ) 
 
2.3.6 Pic 1: Efforst plane diagram in a sheet .Reference  [2] 
    (
  
  
   
)      [   ]                        ( 33 ) 
Momentum vector( per unit of width ) 
 
2.3.6 Pic 1: Efforst plane diagram in a sheet. Reference [2] 
    (
  
  
   
)     [     ]                 ( 34 )               
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Global equation 
(
 
 
)  [
  
  
] ( 
 
 
)                                     ( 35 ) 
 
Notation:  
- h : thickness of the sheet 
- z : distance to the medium plane 
- k : curvature 
-    : medium plane deformation 
 
    [ ]       [ ]                             ( 36 )   
    [ ]       [ ]                            ( 37 ) 
Stiffness matrix 
[ ]  ∑ [ ]̅̅ ̅̅                                                ( 38 ) 
Coupling matrix 
[ ]  ∑ [ ]̅̅ ̅̅   
 
 
    
      
                         ( 39 ) 
Bending stiffness matrix 
[ ]  ∑ [ ]̅̅ ̅̅   
 
 
    
      
                         ( 40 ) 
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2.3.7 Failure criteria 
Notation: 
                                 
                                     
                      
                                   
                                       1 
            longitudinal tensile strain in direction 1 
            longitudinal strain at compression in direction 1 
            longitudinal tensile strain in direction 2 
            longitudinal strain at compression in direction 2 
                                        1 
Examples of the strength of different materials in 2.3.7 Pic 1 
 
          2.3.7 Pic 1: Examples of Resistance properties of some fibers  
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1) Maximum stress criterion 
The sheet will not break while: 
                                                      ( 41 ) 
                                                       ( 42 )  
   |    |                                                     ( 43 ) 
2) Maximum deformation criterion 
The sheet will not brake while: 
                                                      ( 44 )   
                                                       ( 45 ) 
|    |                                                       ( 46 )      
 
3) Tsai-Hill criterion 
The sheet will not brake while: 
  
 
  
 
    
  
 
  
 
  
 
   
 
  
 
 
 
                               ( 47 ) 
Being “ n “ the security coefficient. 
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3. Design of the deposit 
3.1 Study the behavior of LGP in a tank and the induced stresses 
We know that the deposit will save LGP, partially in gas phase and almost full of liquid LGP. We 
know that the LGP gas is so dangerous, because a little increase of temperature produce huge 
increase of pressure. 
 Between the propane and the methane, the propane is the most dangerous , because at 60ºC the 
pressure in gas phase is 21 bar. For the methane is 7.5 bar at 60ºC following reference [7]. 
So , we are going to suppose the worse possible situation for our deposit: 
- Maximum quantity of  LGP liquid ( 85% of the total volume ) 
- Vapor pressure of 21 bar at 60 ºC  
So making the study of distribution of pressure in the deposit:  
 
3.1 Pic 1: Scheme of the distribution of pressure in the deposit 
The distribution of pressure in the deposit will be like in 3.1 Pic 1 and the equation will be  
(Reference [21]): 
           
           
                                  ( 48 ) 
             
  
 
  
 
   
    
   
  
    
  
  
          
So the maximum pressure that must resist our deposit will be: 
              
         
  
  
     
 
  
                                       
This is in the pressure in the vessel bottom.So we know that our deposit must resist minimum a 
pressure around 21 bar. We made the study for a temperature of 60ºC, that is higher than the service 
temperature, that will be around 45ºC, so we are prepared for possible changes in the temperature 
that will produce huge changes in the pressure. 
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Take in count that the pressure in a gas or a liquid, is always orthogonal to the surface of the vessel 
where is contained. 
Now that we know the worse situation of pressure for our deposit, we are going to design the deposit 
taking in count a pressure of 30 bar with a security coefficient of 3. This will give us the security 
that even with variations of  temperature, pressure, quantity of liquid or gas or the kind of fluid, we 
will have a range of security in service. In this paragraph we also used the reference [16] for making 
a correct design. 
 3.2 Optimal orientation of fibers  
We know that we will have normal stresses and tangential stresses, so we have to choose a 
combination of fibers in which the orientation must support this stresses. 
We are going to study for a orientation where the laminate only have to support normal stresses in 
the fibers direction, not have to support tangential stresses. 
The first step is consider that exist this orientation: 
 
3.2 Pic 1: Representation of the orientation of fibers in a deposit. Reference [2] 
 
IMPORTANT  APROXIMATION 
In the next calculus we are going to consider a constant distribution of pressure. We know that in the 
deposit is not like that because we have a lineal distribution, but we can do it because we made the 
study before for knowing the maximum pressure induced with the lineal distribution and it was 21 
bar.  
Now we are going to consider a constant pressure of  30 bar , so this situation is worse than with the 
lineal distribution, so if our deposit is prepared for this situation, it will be prepared for the official 
situation. 
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Taking in count the stresses in: 
 spheric deposits: 
 
3.2 Pic 2: Distribution of pressure in a spherical deposit. Reference [2] 
 
Stress equilibrium  
                          
  
  
        ( 49 ) 
Cylinder deposits 
  
3.2 Pic 3: Distribution of pressure in a cylinder deposit. Reference [2] 
Longitudinal stress equilibrium 
 
3.2 Pic 4: Distribution of pressure in caps of a cylinder deposit. Reference [2] 
         
            
  
  
        ( 50 )        
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Circumferential stress equilibrium 
 
3.2 Pic 3: Distribution of pressure in circumferential axis of a cylinder deposit. Reference [2] 
               
  
 
                     ( 51 )                         
Using the change axis matrix we can calculate the stresses in Global axes for +α laminate: 
  
   
 
 
                                   ( 52 ) 
  
   
 
 
                                   ( 53 ) 
   
   
 
 
                                         ( 54 ) 
Using the change axis matrix we can calculate the stresses in Global axes for -α laminate: 
  
   
 
 
                                   ( 55 ) 
  
   
 
 
                                   ( 56 ) 
   
    
 
 
                                     ( 57 ) 
So, the effort will be: 
{ }  ∑ { }                                      ( 58 ) 
   
 
 
                              ( 59 ) 
   
 
 
                             ( 60 ) 
                                                    ( 61 ) 
Notation: 
n = number of sheets with +α or –α orientation. 
   = Sheet thickness 
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Equilibrium: 
   
 
 
                
   
 
           ( 62 ) 
   
 
 
                           ( 63 ) 
Dividing  
  
  
 : 
         
         
 
 
 
                      
 
All this calculus are based in the reference [2]. 
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  3.3 Optimal thickness. Optimal number of sheets 
For getting the optimal thickness and optimal number of sheets we have to follow the next 
procedure: 
a) Properties of Fibers and Matrix ( Reference [2] in paragraph 1.6 ) 
 ρ (kg/m3) E(Gpa)   
          α ν Vol(%) Price  
Glass Fiber 
(Glass R) 
2500 86 3.2 5    
      
0.22 0.7 15€/kg  
Epoxi Matrix 1200 5 0.13 6        0.33 0.3 3€/kg  
 
b) Properties of the laminate ( Followin the paragraph 2.2 with reference [2] ) 
                                     ρ 
(kg/m3) 
Laminate 61.7 14.67 5.572 0.253 0.06017      
      
2110 
 
c) Stiffness matrix  
 
Stiffness matrix in local axes: 
 
[ ]  [
            
           
       
]                                            [eq. (27) ] 
 
Stiffness matrix in global axes for sheets of +54.74º : 
[ ̅]  [
                     
                      
                      
]                            [eq. (30,(31) and (32)] 
 
Stiffness matrix in global axes for sheets of -54.74º : 
 
[ ̅]  [
                      
                       
                        
]                    [eq. (30,(31) and (32)] 
 
  Stiffness matrix of the laminate 
[ ]  [
               
               
          
]                        [eq.(38)]  
 
n = Number of sheets 
h = thickness of each sheet 
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  Efforts in the laminate: 
Dimensions of the deposit:   Length : 5 meters , Radio : 0.5  meters 
{ }  {
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} ( N )                  [eq.(33)] 
Calculation of strain and stress 
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        [eq.(36)] 
Change the strain to local axes for each orientation: 
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Stress in local axes: 
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     [eq.(31)] 
 
Filure criteria for knowing how much thickness must have our deposit following the equation (47) : 
  
 
  
 
    
  
 
  
 
  
 
   
 
  
 
 
 
                                                     [eq.(47)] 
( It will be the same for the sheet of 54.74º and -54.74º ) 
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Properties of our laminate ( calculus following Reference [2] in paragraph 2.2.3 and 2.2.4) : 
    ( Mpa)    ( Mpa)   (Mpa) 
Laminate 2240 39    
 
Choosing a security coefficient as s = 3 we will obtain:  
                (
 
   
)
 
  
 
 
                    
Now we have to possibilities: 
 “n” for each orientation h 
Option 1 10 1 mm 
Option 2 100 0.1 mm 
 
I choose the first option, because is more easy for calculating and defining the deposit. So , the 
characteristics of our deposit will be: 
 “n” for each orientation h thickness 
Laminate 10 1 mm 2 cm 
 
Note:  Take in count that is 10 sheets per orientations, so in total we will have 20 sheets, 10 per 
54.74º orientation and another 10 per -54.74º. 
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 3.4 Static analysis 
Firstly we are going to define the global matrix of the deposit: 
 
3.4 Pic 1: Position of the sheets in the laminate of the deposit 
Coupling matrix 
[ ]  ∑ [ ]̅̅ ̅̅   
 
 
    
      
    [ ]   ( SYMMETRIC LAMINATE )                   [eq.(39)] 
Bending stiffness matrix 
[ ]  ∑ [ ]̅̅ ̅̅   
 
 
    
      
   =[
                      
                      
            
]          
[eq.(40)] 
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3.4.1 Static pressure stress 
 
(
  
  
   
)
      
 [ ]  (
  
  
   
)  (
        
        
             
) ( Pa)             [eq.(32)] 
(
  
  
   
)
       
 [ ]  (
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) (Pa)      [eq.(32)]   
 
3.4.2 Study of the bending moment diagram. (induced stress) 
We are going to study where is the optimal position of the supports using reference [1]: 
 
3.5.2 Pic 1: Scheme of the deposit with the supports 
This is the distribution of pressure and the reactions in the supports of our deposit 
 
3.4.2 Pic 2: Distribution of pressure and reactions in the supports. Reference [1] 
 
The load per unit of length will be : 
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               ( 64 ) 
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Being: 
             
  
 
  
 
   
    
   
  
     
  
  
 
So , the load per unit of length will be: 
          (
 
 
) 
This is the bending momentum diagram: 
 
3.5.2 Pic 3: Bending momentum diagram Reference [1] 
 
The maximum momentum that must resist our deposit is: 
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         
  
 (    
      
 )
 
 
                             ( 65 ) 
For the deposit will not brake must resist the two points of maximum momentum, so the “ d “ 
distance must be: 
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                      ( 67 )       
So, the distance “ d “ must be between: 
  √
             
  
   
 
 
 
            
   
                                            ( 68 )           
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This means that for the properties of our deposit we can put the support wherever we want while we 
keep right this equation, so using the logic we have to possibilities: 
 L d 
Position 1 5 3 
Position 2 5 4 
 
I choose the position 2 because is the more equilibrate position in case of induced stresses. We will 
put 2 supports like that:  
 
 
3.4.2 Pic 4: Schema of the optimal position of the supports in the deposit 
Following the normative, we must establish the deposit with an inclination not above 1% for making 
easier and effective the emptying of  water after the testing and the drainage. 
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The induced stresses are: 
Point A  
 
3.5.2 Pic 5: Distribution of bending induced stresses in support A . 
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)         
Point B 
 
3.4.2 Pic 6: Distribution of bending induced stresses in support B . 
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Change to the local axes in each sheet making the next step: 
(
  
  
   
)  [ ]  (
  
  
   
)   
54.74º orientation sheet  
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-54.74º orientation sheet  
{    }  (
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        3.4.3 Static study of failure criteria 
We are going to use the Tsai-hill criteria( equation (45) ) for knowing if our deposit resist the stresses 
induced by the pressure and the flexion stresses in the critic points A and B . 
Remembering the stresses induced by pressure: 
(
  
  
   
)
      
 (
        
        
             
) ( Pa) 
(
  
  
   
)
       
 (
        
        
              
) (Pa) 
the strength of my laminate using the paragraph 2.2.3 and 2.2.4 in this project ( Reference[2] ) : 
    ( Mpa)    ( Mpa)   (Mpa) 
Laminate 2240 39    
 
And the TSAI-HILL criteria that is the equation (47 ): 
  
 
  
 
    
  
 
  
 
  
 
   
 
  
 
 
 
 
54.74º orientation sheet  
A.1) 
 {      }    {         }           {        }           (
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        n= 3.58958 
This means that my deposit resist the stresses in this point with a security coefficient the 3.6  . 
 
A.2) 
{      }    {         }           {        }           (
            
           
           
)      
  
 
  
 
    
  
 
  
 
  
 
   
 
  
 
 
 
        n= 3.76482 
 
This means that my deposit resist the stresses in this point with a security coefficient the 3.76  . 
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B.1) 
{      }    {         }           {        }           (
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        n= 3.799 
 
This means that my deposit resist the stresses in this point with a security coefficient the 3.8  . 
B.2) 
{      }    {         }           {        }           (
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        n= 3.4757 
 
This means that my deposit resist the stresses in this point with a security coefficient the 3.5  . 
 
-54.74º orientation sheet  
A.1) {      }    {         }           {        }           (
            
           
              
)      
  
 
  
 
    
  
 
  
 
  
 
   
 
  
 
 
 
        n= 3.50624 
This means that my deposit resist the stresses in this point with a security coefficient the 3.5  . 
A.2) 
{      }    {         }           {        }           (
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        n= 3.76482 
 
This means that my deposit resist the stresses in this point with a security coefficient the 3.76  . 
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B.1) 
{      }    {         }           {        }           (
            
            
             
)      
  
 
  
 
    
  
 
  
 
  
 
   
 
  
 
 
 
        n= 3.799 
 
This means that my deposit resist the stresses in this point with a security coefficient the 3.8  . 
B.2) 
{      }    {         }           {        }           (
            
            
             
)       
  
 
  
 
    
  
 
  
 
  
 
   
 
  
 
 
 
        n= 3.4757 
This means that my deposit resist the stresses in this point with a security coefficient the 3.5  . 
 
 3.4.4 Conclusion 
How we can see, the deposit resist all the stresses in the critic points with a security coefficient upper 
than 3.Now we are going to study the deposit with a program of finite elements like ANSYS 
program. 
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3.4.5 Study of the deposit in FE with ANSYS program 
In this paragraph we are going to study of the deposit with a FE program called ANSYS. For making 
it we used the references [3],[4] and [5]. 
The first step is to design the deposit and mesh it with the element SHELL63.We choose this element 
because for this kind of study is efficient and fast in calculus. 
After that , we will put the pressure of 30 bar inside, and we will make the ANSYS to study the 
structural analysis for our deposit. 
Here we can see our meshed deposit:  
 
3.4.5 Pic 1: Meshed deposit with the FE SHELL63 in ANSYS 
NOTE: In the study, we must interpret the images with the units that the ANSYS has measured. Red           
don’t need to mean wrong design. Read the annotations below the pictures. 
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NODAL SOLUTION – STRESS INTENSITY  
 
3.4.5 Pic 2: ANSYS analysis of the stress intensity in the deposit. 
In 3.4.5 Pic 2 and Pic 3 we can see the study in Finite elements in ANSYS of our deposit. How we 
can see, the worse points that we have in the ANSYS analysis have 963978 Pa , so similar with the 
values obtained in the theory calculus. We also can see that our deposit is good designed , with a 
correct thickness and size for supporting the pressure, without dangerous points where the deposit 
could brake. 
 
3.4.5 Pic 3: ANSYS analysis of the stress intensity in the deposit. 
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NODAL SOLUTION – ELASTIC STRAIN INTENSITY  
 
3.4.5 Pic 4: ANSYS analysis of the strain intensity in the deposit. 
In 3.4.5 Pic 5 we can see the strain analysis of our deposit during the service. We can see that the 
maximum areas of deformation have deformations of approximately 0.325E-4, this means that the 
strain of our deposit is less than the 0.00325% that is an insignificant deformation. We have to take 
in count that we are working with 30 bar of pressure with a coefficient of security of 3, so in service 
it will be so much more less the deformation. 
We also can see that the areas with higher deformation are in the middle of the deposit, areas that are 
far of the supports, standing floating in air , supported by the supports in the extremes. In the 
hemispherical caps we can see that the stress and the strain is so less, this is because in this shapes is 
better than the cylindrical shape for supporting stresses and strains.  
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DOF SOLUTION: DISPLACEMENT VECTOR SUM 
 
3.4.5 Pic 5: ANSYS analysis of the displacement in the upper part of the deposit. 
 
3.4.5 Pic 6: ANSYS analysis of the displacement in the lower part of the deposit. 
 
In 3.4.5 Pic 5 and Pic 6 we can see that the worse part of the deposit, that is below the middle part, 
suffers a displacement of 0.25E-4 meters, that is a displacement of 0.025 mm. This displacement is 
completely insignificant and the stability of our deposit is secure. 
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DOF SOLUTION: ROTATION VECTOR SUM 
 
3.4.5 Pic 7: ANSYS analysis of the rotation in the upper part of the deposit. 
 
3.4.5 Pic 7: ANSYS analysis of the rotation in the lower part of the deposit. 
In the pictures 3.4.5 Pic 6 and Pic 7 we can see that the rotation induced in the points near of the 
supports and in the lower part because of the bending moment only produce a rotation of 0.132E-4 
degrees, that is an insignificant rotation. 
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VON MISSES ANALYSIS 
 
3.4.5 Pic 8: ANSYS analysis of the Von Misses Stresses in the lower part of the deposit. 
In the 3.4.5 Pic 8 we can see that making the analysis of Von Misses in ANSYS, there is no critical 
points where the deposit can fail in stability or plasticating. 
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3.5 Dynamic analysis.  
       3.5.1 Thermal analysis. Thermal analysis with ANSYS 
For saving the LGP we know that if there is an little increase of temperature, there will be a big 
increase of pressure.  We also knows that the flammable point of LGP is 400ºC , and it must be with 
up to 15% of air in the mix, following the reference [7]. 
In the next table we can see how varies the pressure in function of the temperature for the propane: 
 
3.5.1 Pic 1: Schema of the variation of pressure – temperature for propane. Reference [17] 
The LGP is saved is saved between 40º - 60º for 14 – 21 bar of pressure respectively following the 
reference [7]. We are going to calculate an insulator for the days that  the radiation of the sun can 
increase the temperature in the deposit. At the first time , if the temperature decrease is not a problem 
for saving the LGP. 
The first step is to present the situation and the problem: 
 - We must design an insulator that make be constant the temperature in the LGP gas/liquid into the 
deposit, so the best days for avoiding this situation would be in summer, where the sun radiates with 
so much strength.  
- We will design the insulator for avoid the entrance of heat into the deposit.  
- We will consider the maximum temperature of service  of the LGP ( 60 ºC at 21 bar ) 
- We will consider a extremely warm day in summer with 40 º C and that the radiation of the sun 
produce a temperature of  85ºC in the surface of the deposit. The insulator must insulate good for this 
surface temperature. 
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- We will design the insulator for avoid the flammable point in case of disaster with too much high 
temperatures near of the deposit. So the insulator temperature range must admit 400ºC. 
- Also the insulator will avoid huge dilatations or contractions in the main structure of the deposit for 
variations of temperature or large periods of times in critical temperatures , keeping the deposit in a 
approximately constant temperature. 
    
   
 
  
 
    
 
 
    
    ( 69 )     
 
3.5.1 Pic 1: Schema of insulator over the cylinder part of the deposit and the Thermal      
                     resistances of conduction and convection. Reference [20] 
Calculating the critical radius for the isolator in the cylindrical surface using reference [20] and the 
3.5.1 Pic 1: 
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 }        
      
 
 
              ( 70 )     
Making the same procedure for the spherical caps we will have: 
      
  
 
            ( 71 ) 
The critical radius will be bigger in the spherical surface. 
 
Now, taking in count the convection coefficient for the air at 40ºC in two conditions: 
Air  
( without forced convection, without airflow) 
     
 
   
 
Air 
( with forced convection, with airflow) 
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The worse situation will be when the deposit will not can loose all the heat that is receiving, so we 
will choose the convection coefficient for the air without airflow. 
Now, studying different types of insulators ( References [13] and [14] ) taking in count the 
conditions for the design mentioned before, we choose the next insulator of 3.5.1 Pic 2, because is 
light, cheap and works so good with our conditions: 
 
3.5.1 Pic 2 : Insulator for the deposit. Reference [14] 
So, choosing a conduction coefficient of the insulator in the 3.5.1 Pic 2:    
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The critical radius following reference [20], that is the thickness of insulator, will be : 
      
   
 
                               
Taking in count a security coefficient of   2 , the thickness of our insulator will be  6 mm. 
Now, we are going to make an thermic study with ANSYS, so we need to calculate the conductivity 
coefficient of our composite, for that, following the reference [14] for equations (72) and (73):  
                                                      ( 72 ) 
                
  (     )  
   
  (     )
 
                           ( 73 )   
So taking in count the following properties got it form reference [13]:  
Thermic conductivity ( EPOXY ) 
   
 
  
 
Thermic conductivity ( Glass fiber ) 
    
 
  
 
 
So, with a 70% of fibers, the thermic conductivity of our composite will be:  
                        
 
  
    
                
  (     )  
   
  (     )
 
        
 
  
  
 
The references that we used in this paragraph are references [13], [14] and [20]. 
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Now, making the thermic analysis with ANSYS: 
 
3.5.1 Pic 2: Representation of the section of the deposit with surface temperatures in ºKelvin. 
In the picture 3.5.1 Pic 2 we have the section of the deposit, with the external surface at 358 ºK and 
the internal surface at 333ºK how we said in the conditions of study. 
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3.5.1 Pic 3: Gradient of temperatures in the section of the thickness of the deposit in ºKelvin. 
In the picture 3.5.1 Pic 3 we can see the gradient of temperature in the section of the thickness, for 
realizing how works the insulator and seeing how is this variation of temperature. 
We can see that we have a big gradient of temperature in the thickness of the insulator. This means 
that across this section the heat flux is so small, because the difference of temperature between the 
upper surface and lower is like 30ºK, keeping the upper surface of the deposit at 338ºK and the 
internal temperature of the deposit at 333ºK ( 60ºC ) , how we wanted in the design. 
Take in count, that if the insulator will not accomplish his function, we would see that there would 
not be almost variation of temperature in the thickness of the insulator, what would mean that the 
heat flux have cross the section, and the temperature into the deposit would be higher. 
For the case that the temperature is lower in the external ambient of the deposit we will not make an 
study, because this conditions is good for our deposit, because when the temperature increase into 
the deposit, the pressure will decrease also, and this will better for the stability of our deposit. 
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  3.5.2 Modal analysis of the deposit with ANSYS. Frequency of vibrations 
In this paragraph we are going to make the modal analysis of our deposit following the references 
[3],[4] and [5] . The explication for doing it is that we must know at what frequencies our deposit can 
start vibrating and produce a failure due to de vibration. This is a really important study in areas 
where there is a lot of seismic activity or where the different types of wind produce critical vibrations 
in the structure. 
In case that the deposit would be established in an area where can get the resonance frequency, we 
will must establish an insulating system for avoiding this frequencies of vibration in the structure. 
This insulating system goes from base/floor insulating and vibration control system  passive or active 
compounds of different types of dumpers and mass mechanism ( Data from Reference [8] ). 
 For doing it we are going to use ANSYS . We will find 25 modes of vibration of our deposit 
between 0 Hz and 1000 Hz, and we will present one example of how our deposit can deform with 
this frequency of vibration. 
Here we have the different modes of vibration: 
 
3.5.2 Pic 1 : List of modes of vibration of our deposit between 0 Hz and 1000 Hz 
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So, for example, studying the mode 23, that have the frequency of 895.5 Hz , ANSYS show us that 
this could be the deformation of the deposit due to this vibration frequency: 
 
3.5.2 Pic 1: Deformation of the deposit due to 850.5 Hz vibration frequency 
We can see in the picture 3.5.2 Pic 1 that the middle part of the deposit would contract and the other 
would bulge, and the caps also would bulge because of the vibration. We have to take in count that 
this deformations could not be too big, but we must take care with that because could produce the 
failure of the deposit. 
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3.6 Study of the supports of the deposit 
Here we are going to present one of the possible models for supporting the deposit. We have to take 
in count, that at the first time, we designed the deposit with an insulator with the idea of avoid the 
mean dilatations due a big and faster variations of temperature. 
 Even taking in count this point, the normative says that we must let free one of the degrees of 
freedom for letting the deposit dilate in case that, even with the insulator in our case, the temperature 
vary and produce dilatations. We will let free the longitudinal grade of liberty. 
Now we present the support:  
 
3.6 Pic 1: Schema of the deposit with the supports 
We will choose steel how material for manufacturing the supports for the deposit. 
Following the normative of steel in reference [12] and [19] for the constructions, we have the 
following characteristics for the steel S275 JR  : 
- Modulus of Elasticity E                       210.00 N/mm
2
 
- Shear modulus G                                 81.00 N/mm
2
 
- Poisson coefficient ν                            0.3 
- Coefficient of thermal expansion α      1.2 10-5  ( ºC )
-1
 
- Density ρ                                              7850 kg/m3 
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3.6 Pic 2: Schema and main dimensions of the support 
In the process of manufacturing of the dimensions we must take in count the tolerances, the screws 
and the nuts for the establishment of the deposit in the supports. 
Now we are going to make the mechanical study of the supports with the ANSYS. 
The supports must support the deposit in the moment of maximum load, so they must support: 
Distributed load                   (
 
 
) 
Load in the supports      
  
 
                     
So, each support must support a load of 15.069 kN.  
In the study of ANSYS we are going to suppose that every each support must support a distributed 
pressure in the hemispherical surface like this: 
           
 
   
 
             
              
                          
Taking in count a security coefficient of 3, and a adding more pressure due effects of snow and the 
rest of elements that will be installed in the deposit, finally we will have a pressure for the study of:  
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DOF SOLUTION – DISPLACEMENT VECTOR SUM 
 
3.6 Pic 3: ANSYS analysis of the displacement in the support 
In picture 3.6 Pic 3 we can see that the maximum deformation in the supports will be 0.158E-6 m, 
that is an insignificant deformation for the supports, so she stability of the deposit is sure. 
DOF SOLUTION – ROTATION VECTOR SUM 
 
3.6 Pic 4: ANSYS analysis of the rotation in the support 
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In picture 3.5 Pic 4 we can see that the rotation induced in the supports is 0.186E-6 degrees, so is not 
a problem for the supports, and the steel can support the stresses induced that produce this rotation. 
STRESS – STRESS INTENSITY 
 
3.6 Pic 5: ANSYS analysis of the stress intensity in the support 
In pic 3.6 Pic 5 we can see that the maximum point of stress is in the center of the surface where is 
supported the deposit, and we can see that is 62kPa approximately, stress that our support of steel 
can support perfectly. 
TOTAL MECHANICAL STRAIN – STRAIN INTENSITY 
 
3.6 Pic 6: ANSYS analysis of the strain intensity in the support 
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In the picture 3.6 Pic 6 we can see that the point with maximum strain will have 0.382E-6 , That is 
equal to a deformation of 3.82E-5 % . It is an insignificant deformation. 
VON MISSES ANALYSIS 
 
3.6 Pic 7: ANSYS analysis of the Von Misses Analysis in the support 
In the picture 3.6 Pic 7 we can se that making the Von Misses analysis with ANSYS with the 
supports we can see that the maximum point of tension have 31364 kPa, and that is not critical point 
for the steel. 
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3.7 Resume and final data of the design  
Here we are going to present a schema of all necessary data of the deposit: 
Parts of the deposit 
1) Cylinder of 4 meters of length , 0.5 meters of external radius and 0.48 meters of internal 
radius made of composite 
2) Two hemispherical caps , each one in the extremes of the cylinder, that have 0.5 meters of 
external radius and 0.48 meters of internal radius, made of composite. 
3) Two supports of 140cm of width , 60 cm of ridge and 100 cm of high .Each one is established 
at 1 meter of the extreme of the deposit, made of Steel S275 JR . 
Material of construction 
The deposit is made by composite of Glass fibers and Epoxy matrix, with a 70% of fibers. The 
orientations of the fibers are +/- 54.74º. There is 10 sheets for each orientations, so in total we have 
20 sheets and they are established like a “ balanced composite “ , this means that we establish them 
collated and symmetrical. The thickness of each sheet is 1 mm and the total thickness is 2 cm.  
External elements 
We use an insulator of Glass mineral wool that cover all the cylinder and hemispherical caps with a 
thickness of 6 mm for improve the thermal properties .  
Elements used 
Theory and exercise calculus combined with a program of finite elements called ANSYS.  
 
Note  
During the study and design of the deposit, also I have taken  in count the Normative that is included 
in the references [15] and [19] about “ Normative and Specifications for saving flammable and 
combustible fluids “ . 
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4. Final conclusions of the project 
After the design of the study we are going to make the conclusions of all the work done: 
- The use of composite in the design of a deposit that must work in high pressure give us so much 
more qualities than with the use of the normal materials like steel or aluminum alloy like lightness 
combined with the strength and very good thermal properties. With a deposit of composite we can 
save the same quantity of combustible with less dimensions of the deposit and better properties than 
with a deposit of steel or aluminum alloy. 
- Our deposit, with the insulator, is also designed for working in situations where the requirements 
can be hard, for example , working in factories where is necessary a deposit of LGP and there is high 
conditions of temperature. This is possible because the composite has really good thermal properties 
like low conductivity coefficient or very low coefficient of thermal dilatation , and this combined 
with the properties of the insulator, make the deposit a really useful and efficient element saving 
combustibles in this kind of situations of extreme temperatures.  
- The use of composite make that the thickness of the deposit can be lower than the thickness of a 
deposit of a normal material without loosening strength or even having more. This is really useful in 
situations where the weight or the dimensions of the deposit is one of the most important 
requirements in the service, for example, in the air transport of combustibles.   
- Take in count that our deposit is designed for 30 bar with a security coefficient of 3, this means that 
even working with higher pressures ( example: 40 or 50 bar ) our deposit will can support with 
stability and efficiency. Of course we have to take in count that this is a coefficient of security for the 
situations where could be an overpressure and could be dangerous for the workers or near 
installations, and that the official service pressure for our deposit of LGP is 21 bar. 
- At first , a deposit of only with composite will be more expensive than a deposit of normal material 
like steel or aluminum alloy , even knowing that  the thickness and the dimensions can be lower. 
This is because nowadays the manufacture processes for the composite and the materials are more 
expensive than the normal material manufacture processes. However , the combination of normal 
materials with the composite is making that the manufacturing of deposit are cheaper than only with 
normal material, obtaining better properties and dimensions without so much more expensive cost or 
even with less. In future the use of composite will be so much more common in specific structures 
like deposits. 
- One of the most important skills of composite with orientated fibers as we have used in our design, 
is that if we need special requirements for supporting stresses or strains of specific type, we can 
design an specific type of composite that will support much better than the normal materials. For 
example the composite is widely used in aeronautic designs because of this properties. 
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-  One of the best important conclusions of this design, is that after talk with the director of ISOLUX 
CORSAN S.A. ( Madrid, Spain ) even when we wanted to design a deposit with bigger dimensions, 
is more efficient, economic and save to design a small/normal deposit , and establish two or more 
deposits in parallel or in series. Actually is hard to find companies that manufacture this type of big 
deposits, so is easier and cheaper to design a deposit that has the common dimensions and find a 
company that manufacture it. 
- Taking in count the elements used in the design, I have to mention that ANSYS is a really efficient 
and powerful program in the design and analysis of structures, that can give you the first idea of how 
is designed your structure and possible mistakes in the design. The bad point is that  is  too much 
complicated to use. There is better programs that make the same function with more facilities like 
CATIA, SOLID WORKS or WORKBENCH . The last is a more intuitive variant of ANSYS that has 
been developed the last year.  
- After the realization of the modal analysis with ANSYS we have to say that is one of the most 
important points in the design of an structure. If our deposit is going to be established in a place 
where can suffer vibrations and getting the resonance frequency , it must be established a vibration 
control system in order to keep the security, because for a deposit of our characteristics that save 
LGP that with a percent or air can be combustible and flammable and that is saved at high pressure, a 
in this topic can be catastrophic for the structure and for the security of the people and the near 
buildings. 
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